Background Persistent wound drainage after hip arthroplasty is a risk factor for periprosthetic infection. Negative pressure wound therapy (NPWT) has been used in other fields for wound management although it is unclear whether the technique is appropriate for total hip arthroplasty. Questions/purposes We determined (1) the rate of wound complications related to use of NPWT for persistent incisional drainage after hip arthroplasty; (2) the rate of resolution of incisional drainage using this modality; and (3) risk factors for failure of NPWT for this indication. Methods In a pilot study we identified 109 patients in whom NPWT was used after hip arthroplasty for treating postoperative incisional drainage between April 2006 and April 2010. On average, the NPWT was placed on postoperative Day 3 to 4 (range, 2-9 days) and applied for 2 days (range, 1-10 days). We then determined predictors of subsequent surgery. Patients were followed until failure or a minimum of 1 year (average, 29 months; range, 1-62 months). Results Eighty-three patients (76%) had no further surgery and 26 patients (24%) had subsequent surgery: 11 had superficial irrigation and débridement (I&D), 12 had deep I&D with none requiring further surgery, and three ultimately had component removal. Predictors of subsequent surgery included international normalized ratio level greater than 2, greater than one prior hip surgery, and device application greater than 48 hours. There were no wound-related complications associated with NPWT. Conclusions The majority of our patients had cessation of wound drainage with NPWT.
Introduction
Postoperative incisional drainage reportedly occurs in 1% to 3% of patients undergoing primary total joint arthroplasty [4, 22] . Persistent wound drainage lasting greater than 48 hours after hip arthroplasty is a risk factor for periprosthetic joint infection (PJI) [4, 14, 22] . Patel et al. [10] estimated that each day of persistent wound drainage increases the risk of infection by 42%. Although many of the risk factors for persistent wound drainage are also independent risk factors for PJI, including malnutrition [4] , excess anticoagulation [6] , obesity [12] , diabetes [21] , and a higher American Society of Anesthesiologists score [12] , it is also believed that the path that allows fluid to egress from the wound is a potential conduit for retrograde bacterial Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. contamination into the wound. Thus, one goal in managing persistent postoperative wound drainage is to minimize the time to achieve a dry, healed wound.
In the immediate postoperative period, there are no standard guidelines for treating persistent wound drainage. Some surgeons perform local wound management using absorbent dressings [4] silver-impregnated dressings [11] , and compression wraps [3] . Others routinely prescribed oral antibiotics during the period of wound drainage despite a lack of evidence for this practice [4] . Jaberi et al. [4] recommended superficial irrigation and débridement (I&D) if persistent drainage does not resolve despite nonoperative measures and deep I&D with modular component exchange if deep involvement is evident.
Negative pressure wound therapy (NPWT) has been used in multiple surgical fields for wound management. A number of studies in the plastic and general surgery literature [1, 2, 15, 16] have shown NPWT to decrease local tissue edema, decrease the time to wound healing, and improve splitthickness skin graft survival. In orthopaedics, it has been used to treat open fractures [8] , fasciotomy wounds [24, 25] , hematomas [19] , and at-risk closed surgical incisions after high-energy orthopaedic trauma [13, 20] . These studies show that use of NPWT is associated with a decrease in the number of days that postoperative hematomas and surgical incisions over high-energy fractures drain as well as a decreased incidence of wound dehiscences and total infections. We were able to identify only one prior study applying the use of NPWT to the field of total joint arthroplasty. Pachowsky et al. randomized patients undergoing hip arthroplasty to a standard dry dressing versus the incisional NPWT and then analyzed the presence and volume of postoperative seroma using ultrasound. They reported finding a seroma in 90% of standard dressing patients and only 44% of NPWT patients with mean volumes of 5.08 mL and 1.97 mL, respectively [7] . However, they had a small sample size and no discussion of the clinical importance of the presence of ultrasound-confirmed seromas (eg, relation to incisional drainage or infection), thus limiting the applicability of their findings. No study to date has evaluated the use of NPWT in the setting of persistent incisional drainage after THA.
We therefore determined (1) the rate of wound complications related to use of NPWT for persistent incisional drainage after hip arthroplasty; (2) the rate of resolution of incisional drainage using this modality; and (3) risk factors for failure of the NPWT for this indication.
Patients and Methods
Using our institutional arthroplasty database and the hospital billing database for this pilot study, we identified 134 patients undergoing hip arthroplasty who had a NPWT (Wound VAC 1 ; KCI, San Antonio, TX, USA) placed in the intraoperative or immediate postoperative periods between April 1, 2006, and April 1, 2010. According to our institutional protocol, the indication for using postoperative NPWT for incisional drainage is persistent serous or serosanguinous drainage that persists despite observation, dressings, and local wound care. Contraindications for use of postoperative incisional NPWT were (1) clinical evidence of surgical site infection such as erythema or purulent drainage; and (2) clinical signs of hematoma such as wound swelling, fluctuance, and bloody drainage. We excluded 12 patients for whom NPWT was used for management of an open surgical wound, in patients who were being actively treated for a PJI, and in cases of intraoperative application of the NPWT. Patients were followed until failure or a minimum of 1 year (average, 29 months; range, 1-62 months). Thirteen patients were treated for persistent wound drainage but were excluded as a result of lack of appropriate clinical followup leaving us with 109 patients for analysis. This cohort represented 2% (109 of 5627) of all patients undergoing hip arthroplasty operated on during this 4-year period. The mean age of our cohort was 64 years (range, 34-88 years) and had an approximately even sex distribution (55 male, 54 female) ( Table 1 ). The average body mass index (BMI) was 31 kg/m 2 (range, 17-58 kg/m 2 ), the mean American Society of Anesthesiologists score 3 (range, 1-4), and Charlson Comorbidity Index (CCI) 2 (range, 0-6). Although the majority of patients (68%) had undergone a primary hip arthroplasty, the study cohort included 23 (21%) revision hip arthroplasties in patients who had a mean of two prior ipsilateral hip surgeries (range, 1-5). All data were obtained from the electronic and paper medical records. We obtained institutional review board approval before initiation of this study and patient medical records were used to collect our data.
Since 2006, the routine postoperative wound management protocol for patients undergoing hip arthroplasty at our institution has been to leave the sterile operative dressing on for 24 to 48 hours. If the wound is dry after removal of the operative dressing, no further dressing is applied. However, if there is any drainage from the incision, a sterile gauze dressing is reapplied and changed as needed but no less frequently than once a day. The NPWT was ordered at the discretion of the treating surgeon when standard wound management failed to demonstrate resolution of postoperative incisional drainage as determined by the need to change more than one sterile gauze dressing per day as a result of saturation by postoperative day (POD) 3 to 4. The prophylactic antibiotics protocol was the same among all patients as dictated by Surgical Care Improvement Project guidelines. Specifically, patients received 24 hours of prophylactic antibiotics and in no cases were antibiotics reinitiated at the time of placement of the VAC. The protocol before 2006 would have been to perform surgical débridement once it was determined that the drainage required more than one dressing change per day beyond POD 3 despite local wound care and observation [4] .
The NPWT was applied at the bedside in the following manner. After cleaning the surgical incision with alcohol, strips of the clear NPWT adhesive dressing are placed around the incision to prevent maceration of the wound edges ( Fig. 1A) . Then, a strip of the black Granufoam TM (KCI) measuring the length of the incision is placed over the adhesive layer. Finally, a second layer of adhesive is placed on top of the Granufoam TM , the vacuum tubing applied, and the suction set at 125 mmHg of continuous pressure (Fig. 1B ) for 24 to 48 hours. Although the protocol was followed in the majority of cases, we did find some variability in the timing and patterns of use of the NPWT. The NPWT in most cases was initially placed on POD 3 or 4 (72%) (range POD 2-9) ( Fig. 2) , applied in most cases for 2 days (75%) (range, 2 to [ 5 days) ( Fig. 3) , and in 10 cases (9%), a second application of the NPWT was used for persistent drainage despite the initial application.
After application of the NPWT, we documented any evidence of local skin complications associated with the intervention such as skin blistering, tearing, or maceration noted in the medical record. Unfortunately, the volume of drainage was not routinely or consistently quantified in the medical record and thus we could not analyze this variable. For all patients requiring subsequent surgery, operative notes were reviewed for signs of overt clinical infection (eg, gross purulence). We defined failure as further surgery for (1) persistent wound drainage requiring more than one local dressing change per day present 24 hours after removal of the NPWT device or (2) subsequent PJI. These included patients who had to return to the operating room for I&D with or without modular component exchange as well as patients who ultimately required two-stage exchange arthroplasty for PJI.
In the acute postoperative period (ie, within 4-6 weeks of index procedure), we defined PJI based on intraoperative culture data, whereas chronic PJI was defined by the 2011 Musculoskeletal Infection Society (MSIS) definition [9] : (1) presence of draining sinus; or (2) pathogen isolated by culture from two separate samples of the affected joint; or (3) when four of the following six criteria exist: elevated erythrocyte sedimentation rate or C-reactive protein, elevated synovial white blood cell count, elevated synovial neutrophil percentage, presence of purulence in the affected joint, or isolation of microorganism in one culture, or greater than five neutrophils per high-powered field (HPF) in five HPFs from histological analysis. Because we did not routinely send intraoperative specimens for frozen section and histological analysis, we used a modification of the MSIS minor criteria whereby we defined infection by existence of three of the five remaining criteria.
Patients returned for routine clinical and radiographic followup at 6 weeks, 3 months, 6 months, annually, or earlier if there was concern for recurrent infection. When there was clinical concern for infection, patients returned for more frequent followup and also had serology and joint aspiration performed. As a retrospective study, there were cases of conflicting or missing data. Of the data on the dependent variables we analyzed, the only instances of missing or conflicting data pertained specifically to the initial application and use of the Wound VAC 1 . Specifically, although there was always a dated order for the Wound VAC 1 application, in 30% of patients, there was not a dated order for its discontinuation. Therefore, we had to confirm the presence of a Wound VAC 1 based on the daily progress notes. For any discrepancies between the electronic and paper medical record based on the dates of Wound VAC 1 application, we used the paper chart as the final arbitrator.
To determine factors associated with failure of the use of the NPWT for this indication, we collected potential predictive variables that may have influenced the outcome. Patientrelated variables included BMI and CCI. Surgical variables included number of prior ipsilateral hip surgeries and perioperative variables included occurrence of an international normalized ratio (INR [ 2.0). During the period of this study, patients were placed on venous thromboembolism prophylaxis consisting of warfarin with a goal INR 1.8-2.0. Variables related to the NPWT included the following: POD NPWT applied, number of days the NPWT was applied, and a second application. Using the aforementioned variables, multivariate logistic regression analysis was used to assess the risk of treatment failure. The regression analysis was performed in a backward stepwise manner. Statistical analyses were done with R 2.14.1 (R Foundation for Statistical Computing, Vienna, Austria).
Results
We found no instances of skin blistering, maceration, or skin tearing related to the use of NPWT. In addition, of the patients who required I&D in the immediate postoperative period despite the NPWT application, there was no evidence of gross purulence or other overt clinical signs of infection and no confirmed cases of PJI based on culture data.
A total of 83 patients (76%) had no further surgery after application of the NPWT, whereas 26 patients (24%) did. Eleven of these patients underwent superficial I&D and 12 patients required deep I&D with modular component exchange during the same hospitalization. None of these patients required further surgery, thus resulting in a component retention rate of 97% (106 of 109). Three patients ultimately required component removal and a two-stage exchange arthroplasty at 20, 35, and 41 months after the index arthroplasty ( Fig. 4) .
Positive predictors of NPWT failure included INR level greater than 2 (odds ratio [OR], 4.2; 95% confidence interval [CI], 1.2-15.3; p = 0.03), greater than one prior hip surgery (OR, 2.3; 95% CI, 1.2-4.5; p \ 0.01), and NPWT application greater than 48 hours (OR, 2.3; 95% CI, 1.2-4.2; p = 0.01) ( Table 2 ). 
Discussion
Postoperative wound drainage after total joint arthroplasty is a vexing clinical problem for orthopaedic surgeons without clearcut clinical practice guidelines. Although in the majority of cases it is self-limiting, in a certain proportion of patients, the drainage persists and increases the risk of surgical site infection [10, 14] . In other surgical disciplines NPWT has been used to promote wound healing for at-risk surgical wounds [13, 19, 20] , although none of these studies evaluate the use of NPWT for the management of persistent incisional drainage for hip arthroplasty. We sought to review our institutional experience with this technique to establish (1) the rate of wound complications related to use of NPWT; (2) the rate of obtaining a dry wound using this modality; and (3) risk factors for failure of the NPWT for this indication. As a retrospective observational investigation, our study had several notable limitations. First, we had no concurrent control group of patients with persistent drainage who were treated with a modality other than NPWT. Although our findings establish the number of failures of the intervention, we cannot judge whether it reduces the rate of subsequent surgery. Second, although NPWT was used by many surgeons at our institution to manage prolonged incisional wound drainage, we had no defined protocol for either its initiation or discontinuation. As a result, we are unable to provide recommended guidelines for the exact protocol for use of the device on postoperative draining wounds, yet we do not believe this limitation substantially interferes with the results that we do report. Third, like with any retrospective study, there were instances of ambiguous and/or missing data points resulting from omissions or conflicting data in the electronic and paper medical records. Such instances were few and in all cases were able to be reconciled. As such, we do not believe this limitation influenced our results to a substantial degree. Fourth, we were unable to quantify the amount of drainage before application of the NPWT or after removal of the device because these data were not routinely collected in the medical record. As such, we were unable to investigate the influence of the NPWT output as a variable but plan to do so in a future prospective study. Fifth, we were unable to determine the nutritional status of the patients in this study, because it was not our institutional protocol to routinely obtain preoperative nutrition laboratory values such as albumin, prealbumin, or transferring our patients undergoing hip arthroplasty. This is an important limitation to note because nutrition is reportedly a key component of wound healing [4] . We plan to investigate its role in a future prospective study. Lastly, 13 patients were eliminated from our study as a result of the lack of a minimum 12-month followup. Although it is possible that the lack of followup of these patients may have affected our results, we do not believe they would have resulted in a substantial impact on our results and conclusions.
We believe our lack of local skin complications is the result of the technique used, in which strips of adhesive dressing are placed directly on the skin around the incision and the foam is placed on top of this adhesive barrier directly over only the incision to prevent skin edge maceration. In addition, we found no cases of PJI that appeared to be related to the NPWT application. Our findings of no wound-related complications are consistent with prior literature in other fields [5, 7, [17] [18] [19] [20] 23] . Reddix et al. studied the effect of NPWT on wound complications (eg, dehiscences, infections) associated with the treatment of acetabular fractures in morbidly obese patients and found no wound complications in 19 consecutive patients over 5 years [13] . In a randomized controlled trial comparing NPWT with standard postoperative dressings in a cohort of blunt trauma patients with high-risk fracture Fig. 4 The flowchart illustrates the clinical outcomes after use of the NPWT for persistent wound drainage after hip arthroplasty. In 76% of patients, a dry wound was achieved after NPWT application. Of those that required surgery, 88% were successfully treated with isolated I&D. Only three patients underwent two-stage exchange arthroplasty. Sx = symptoms. [20] . Use of the Wound VAC 1 for persistent incisional drainage after hip arthroplasty was associated with resolution of drainage in 76% of our patients. Although our study lacked a concurrent control group, we are able to compare our results with historical control data previously published from our institution [4] . Before 2006, our institutional protocol for the management of persistent postoperative drainage was use of prophylactic oral antibiotics and local wound management. If substantial drainage persisted on or after POD 4, I&D was performed at the discretion of the treating surgeon. Jaberi et al. reported the results of 83 patients who required surgical I&D as a result of persistent drainage and found the intervention prevented further surgery in 76% of patients, whereas 20 (24%) patients required further treatment (repeat I&D, N = 3; two-stage exchange arthroplasty, N = 11; resection arthroplasty, N = 5; suppressive antibiotics, N = 1) [4] . Our current cohort of 109 patients with persistently draining surgical wounds represents a similar group of patients who would have previously met indications for surgical débridement. After using NPWT, 76% of patients experienced cessation of wound drainage. Furthermore, of those patients who ultimately required operative intervention in our cohort, a single débridement resolved the drainage in 88% of cases similar to the surgical results of Jaberi et al. Thus, when the NPWT application fails, it does not appear to compromise the ability of a subsequent surgical débridement to resolve wound drainage.
We found three groups of patients in whom the NPWT had a higher failure rate: patients with elevated INR [ 2.0, patients with prior ipsilateral hip surgeries, and patients in whom the NPWT was applied for greater than 48 hours. Coagulopathy is a known risk factor for the development of postoperative hematoma, wound drainage, delayed wound healing, and ultimately of PJI [10] . This also suggests NPWT may be more effective in the setting of a draining seroma as compared with a draining hematoma. Patients who have had greater than one prior ipsilateral hip surgery were also at increased risk of failing NPWT treatment. Presumably, the increased number of operations on the hip results in compromise to the soft tissues envelope and vascularity to the area, which could lead to more challenging closure, thereby resulting in prolonged drainage and delayed wound healing. Additionally, we found use of the NPWT for greater than 48 hours was associated with treatment failure. We believe this use of the NPWT potentially represents a marker of failure rather than is causally related to treatment failure.
Our institutional experience with the use of NPWT for persistent incisional drainage after hip arthroplasty demonstrated no wound complications related to the technique and was associated with resolution of drainage in 76% of our patients. Based on our data, which demonstrate a higher failure rate in patients with more than one prior hip surgery or with a postoperative INR C 2, a lower threshold for surgical intervention may be warranted in these situations. However, to more clearly define both the proper clinical indications and optimal protocol for using NPWT for persistent incisional drainage after hip arthroplasty, a well-designed prospective randomized controlled trial is necessary.
